Abstract: Posterior wall blowout can be a devastating intraoperative complication in anterior cruciate ligament reconstruction. This loss of osseous containment can cause difficulty with graft fixation and can potentially lead to early graft failure if unrecognized and left untreated. If cortical blowout occurs despite careful planning and proper surgical technique, a thorough knowledge of the local anatomy and surgical salvage options is paramount to ensure positive patient outcomes. This article highlights our preferred salvage technique using suspensory cortical fixation with a screw and washer construct.
I
t has been estimated that between 1994 and 2006, the population-adjusted rate of anterior cruciate ligament reconstructions (ACLRs) increased by 37%. 1 Approximately 200,000 ACLRs are performed each year in the United States. 2 With the rise in surgical intervention comes a heightened awareness of potential complications and causes of surgical failure. ACLR failure can be grouped into 3 general categories: (1) failure caused by surgical technique, (2) failure caused by hostile biology, and (3) failure resulting from postoperative trauma. 3 Of these categories, only technical failures can be prevented at the time of surgery. Tunnel malposition represents the most commonly reported technical error during ACLR, particularly inappropriate femoral tunnel placement. Precise anatomic placement of the anterior cruciate ligament (ACL) tunnels is crucial for sagittal stability and rotational control of the injured knee. Several recent studies have shown that tunnel malposition is a common cause of both intraoperative complications and graft failure after ACLR. [4] [5] [6] [7] Anterior or superior femoral tunnel malposition can result in rotational laxity or graft impingement. However, more immediate consequences such as violation of the posterior femoral cortex and a lack of femoral graft fixation can result from a posteriorly placed femoral tunnel. A similar result can occur from overreaming the femoral tunnel, which can inadvertently cause a breach of the posterolateral femoral cortex. These posterior or lateral cortical insults lead to a loss of graft containment and subsequent difficulty with secure graft fixation. It is critical to promptly recognize and appropriately treat this intraoperative error because the graft is at an increased risk of premature failure. Recognition of this complication and a comprehensive knowledge of strategies for alternative fixation are critical to performing a successful surgical procedure after posterior wall blowout. [7] [8] [9] [10] [11] Numerous salvage and fixation techniques have been described to address posterior cortical breach when the damage is too significant to continue with the planned fixation. Some of these include suspensory fixation with a cortical button, interference screw, or cross pin; over-the-top fixation; a 2-incision technique; and suspensory cortical fixation with a screw and washer post. Although each method has advantages and limitations, our preferred technique is suspensory cortical fixation with a screw and washer post because an intact posterior cortex is not needed, it can be performed in all locations of cortical violation, both soft-tissue and bonetendon-bone grafts can be used, and the instrumentation required for this technique is available at most centers without the need for specialized surgical equipment. 12, 13 The purpose of this technical note is to describe suspensory cortical fixation with a screw and washer post for fixation of the ACL graft in the setting of femoral cortical violation.
Surgical Technique Indications
Once a substantial violation of the posterior femoral cortex has been confirmed (defined as loss of osseous posterior containment with lack of purchase of the femoral screw or under arthroscopic visualization), a salvage procedure should be performed to secure the graft in the femur (Fig 1) . Conversion to a cortical fixation using suture suspension around a screw and washer post is the preferred method of the senior author (R.F.L.).
Patient Positioning and Anesthesia
For an ACLR, the patient is placed in a supine position with the injured leg in a leg holder (Mizuho OSI, Union City, CA), with the nonsurgical leg flexed, abducted, and held in an abduction holder (Birkova Products, Gothenburg, NE). A well-padded thigh tourniquet is subsequently placed on the upper thigh of the operative leg. The surgical leg is prepared and draped in the usual sterile fashion, the leg is exsanguinated, and the tourniquet is inflated.
Surgical Approach
A standard ACLR is performed using anterolateral and anteromedial arthroscopic portals (Video 1). If significant violation of the femoral cortex is identified during reconstruction, the standard procedure is aborted and femoral fixation with a screw and washer post is begun. A lateral longitudinal incision is performed over the distal lateral femur centered on the lateral supracondylar ridge (Fig 2) . Sharp dissection is performed down to the fascia overlying the iliotibial band. The iliotibial band is then longitudinally incised such that the vastus lateralis muscle can be elevated subperiosteally off of the lateral femur (Fig 3) .
Careful dissection should be performed to expose the femoral tunnel on the posterolateral aspect of the femur and the sutures exiting the previously placed tunnel. A 3.2-mm drill is used with a starting position located posterior to the lateral intermuscular septum, aiming anteroproximally to avoid collision with the trochlea. A fully threaded 4.5-mm bicortical screw (Synthes, Paoli, PA) is placed through a 13-mm washer (Synthes) approximately 1 cm anterodistally to the femoral tunnel (so the pressure is shifted to the anterior aspect of the tunnel), near the metadiaphyseal flare of the femur (Fig 4) .
After insertion of 80% of the screw length, the sutures holding the ACL graft are shuttled through the femoral tunnel under direct visualization and secured around the screw and washer. To build a stronger construct, the limbs of 2 sutures are passed around each side of the screw and firmly tied beneath the washer (Fig 5) .
The sutures should be adjusted to ensure an appropriate graft-tunnel match on both the femoral and tibial sides. The screw is secured such that the washer compresses the sutures against the lateral femoral cortex. Standard tibial fixation can then proceed as previously planned (Fig 6) .
Once fixation is complete (Fig 7) , the knee is assessed through a complete range of motion and anteroposterior laxity is evaluated with anterior drawer and Lachman tests. Pearls and pitfalls of this surgical technique are summarized in Table 1 .
Postoperative Rehabilitation
Rehabilitation after ACLR should focus on progressive knee range of motion, weight bearing, prevention of anterior subluxation, and strengthening of the quadriceps musculature. All patients begin a supervised physical therapy program on postoperative day 1 and are allowed range of motion as tolerated with emphasis on regaining full extension. Weight bearing as tolerated is permitted on the operative extremity immediately after surgery, and crutches are typically used for the first week until the patient can walk without a limp. The knee is initially placed in a knee immobilizer until quadriceps function returns, at which point the patient is transitioned into an ACL brace for 3 months postoperatively (CTi brace; Ossur, Reykjavik, Iceland).
Discussion
The most important point of this technical note is that recognition of posterior wall blowout is critical to achieving a good outcome. As understanding of the surgical management of ACL rupture increases, a heightened awareness of potential complications and causes of surgical failure follows. 
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Successful outcomes in ACLR are dependent on tunnel positioning, graft tension at the time of surgery, and fixation technique. 12, 14 While performing ACLR, the surgeon may accidentally breach the posterior or lateral femoral cortex, and in these instances, immediate recognition and appropriate salvage methods are required.
Several techniques are available for management of posterior wall blowout that is not amenable to simple re-direction of the femoral tunnel. Authors have previously described the use of suspensory fixation with cortical buttons, cross-pin fixation, hybrid fixation using both suspension and interference techniques, and alteration of surgical technique to re-place the tunnel in a more advantageous position. 12, 13 Although each of these options is viable under certain instances, their utility is largely based on the ability of the devices to anchor over or within a previously reamed tunnel. For example, femoral tunnels are typically reamed to a diameter of at least 7 mm, and this diameter is approaching the upper limit of length available for standard cortical fixation in most devices. 8 In these situations, specialized extended cortical suspension buttons are available in lengths up to 10 mm (XtendoButton; Smith & Nephew Endoscopy, Andover, MA). 3, 8, 10 However, in revision settings with widened tunnels or in situations in which the femoral tunnel has blown out in an ovoid shape that is larger than 10 mm, these devices may not provide appropriate fixation.
Furthermore, many institutions do not have these devices readily available for such instances.
In situations in which the cortical breach is such that these devices are not large enough to be secured over the defect, suspensory fixation using a screw and washer post is recommended. The advantage of this method is that it is readily available in most centers and is technically straightforward. Furthermore, use of the suspensory post fixation allows for adjustment of the graft within the tunnel to avoid graft-tunnel mismatch on either the femoral or tibial side. Direct visualization of the placement of the screw and post on the lateral femur also ensures that the surgeon appropriately places the suspended sutures in the correct position. Limitations to this technique include having to make an extra incision, ensuring an appropriate graft and tunnel match, and needing a thorough knowledge of the surgical anatomy to appropriately position the lateral incision and the graft. Table 2 shows a summary of advantages and limitations of this surgical technique.
The exact prevalence of posterior wall blowout in ACLR is difficult to determine because it is not clear how often such blowouts are recognized and treated intraoperatively versus how many remain undiagnosed and go on to later complications. 3 Regardless of the exact number of occurrences, posterior wall blowout is an important potential source of ACLR failure. The risk of this complication can be mitigated if surgeons adhere to sound arthroscopic techniques and use appropriate vigilance in confirming anatomic tunnel placement with maintenance of an intact posterior wall. 3 In the event of posterior wall blowout despite careful surgical planning and appropriate technique, it is critical to recognize the complication intraoperatively and use one of the described alternative salvage techniques to achieve stable femoral-sided fixation of the ACL graft. 
Pearls
The most critical step to avoid posterior wall blowout is anatomic placement of the femoral tunnel. The location of the anatomic femoral attachments changes as the knee flexion angle changes, which is important for correct tunnel placement and avoiding breach of the posterior cortex. When placing the femoral screw, the surgeon should aim anteroproximally to avoid collision with the trochlea. To build a stronger construct, 2 sutures are passed around each side of the screw and firmly tied to the screw beneath the washer. Pitfalls
Improper surgical technique remains one of the most common sources of failure of primary ACL reconstructions. If posterior wall compromise is not identified intraoperatively, this can lead to premature graft failure. It is essential to clear all overlying soft tissues when placing the femoral screw to ensure proper position. Failure to ensure an appropriate graft-tunnel match on both the femoral and tibial sides can result in improper graft placement.
ACL, anterior cruciate ligament.
Our recommended technique is to use salvage suspensory cortical fixation with a screw and washer post because it provides secure fixation in any area of cortical violation without the need for an intact posterior cortex. The need for an extra incision The need for appropriate judgment of graft position on the femoral side to avoid graft-tunnel mismatch Difficulty with lateral dissection in the setting of exuberant soft tissue
